Abstract
Introduction. Thirty four participants reflecting a diversity of ages, nationalities, and
The participants did not arrive at a consensus definition of sexual selection, and dis-33 agreed on many issues pertaining to sexual selection. The meeting's final report document-34 ing these disagreements was reviewed and endorsed by the participants and is provided as defined by analogy to this equation, the presence of sexual selection simply means that
50
S is significantly non-zero. But that does not imply that sexual selection will cause any 51 change in the trait, i.e. that R is significantly non-zero. A statement like "sexual selection 52 has caused trait X to evolve" requires both a significant S and a significant h 2 . However, a 53 statement like "sexual selection is acting on trait X" requires only a significant S. In this 54 context, whether the S is causing or has caused an evolutionary response is left unspecified.
55
This discrepancy between the selection and response to selection meanings of the phrase
56
"sexual selection" surfaced during discussion of the badge in male collared flycatchers 57 (Qvarnström et al., 2006) . Here sexual selection apparently exists for the trait, but the rel-58 evant heritabilities are negligible, so an evolutionary response to sexual selection is not 59 occurring. To reconcile this fact with a belief that sexual selection nonetheless explains 60 the evolution of the badge, some participants argued that the badge is a "ghost of sexual 61 selection past", and that the absence of present-day heritabilities is merely an indication 62 of past genetic variation having become exhausted during the selection process. Alterna-63 tively, the hypothesis that sexual selection caused the evolution of the badge might be false.
64
The hypothesis that the badge represents a ghost of sexual selection past might someday mechanisms to gain a larger fraction of a pie whose size is fixed at unity.
93
The behavior occurring during courtship, mate choice, parent-offspring dynamics and 94 so forth may involve both increasing the size of the pie and increasing the share of the pie.
95
Hence the authors recommend identifying sexual selection with processes that increase the 
107
This definition highlights some points on which the participants did find agreement. 
135
The distinction between sexual selection as a frequency dependent process and fecun- The decompositions in the examples above might not be regarded as controversial. 
241
Consider a focal male who allocates time during a day into two activities: helping the 242 females he is mating with to produce eggs vs. guarding those females to prevent other males 243 from mating with them. The sum of times allocated to these activities is 1. These two times 244 are t h (helping time) and t g (guarding time).
245
Next, consider a focal female who allocates time during a day into two activities: forag-
246
ing by herself to produce eggs vs. being receptive to mating. The sum of the times allocated 247 to these activities is 1. These two times are t f (foraging time) and t r (receptivity time).
248
In this setup, the reproductive "pie" for the male is the sum of the eggs produced by The overall mating system that emerges can include, for the male, elements of both 254 fecundity selection and sexual selection, and for the female, varied amounts of foraging 255 activity and mating receptivity.
256
The theoretical problem is to determine the simultaneously optimal values for the vector 257 of time allocations for both the male and female, {t h , t g , t f , t r }. Consider then how this 258 problem might be investigated in the following scenario.
259
Let the female's daily egg production, e, be
where m m is the number of male mates a female has, m f is the number of female mates to female fecundity from male helping shows a decreasing return to scale.
267
Let the fraction of the day's eggs sired by the focal male be
where c 3 and c 4 are coefficients (typically, c 3 → 2 and c 4 → 1). The fitness increment of a female is the number of eggs she produces during the day 276 taking into account her own foraging plus any help from the males she is mating with
whereas the fitness increment of the male is the number of eggs produced during the day 278 by all the females he is mating with times the fraction of those that he sires,
If the male and female do not cooperate, then the time allocations satisfy a Nash Equi- the excess fitness increments relative to the threat point,
where N P is the Nash Product. foraging to increase their egg production vs. being receptive to mating.
317
More specifically, the table shows that increasing polygyny for a given degree of poly-318 andry (revealed by comparing the rows within each group of three cases) leads to less 319 helping and more guarding by males, and to more solo foraging and less reproductive re-320 ceptivity by females. As a result, increasing polygyny for a given polyandry leads to a lower 321 male sire fraction and to lower fitness increments for both males and females.
322
The table also shows that increasing polyandry for a given degree of polygyny (revealed 323 by comparing corresponding rows across each group of three cases) leads to more helping 324 and less guarding by males, and to less solo foraging and more reproductive receptivity by 325 females. As a result, increasing polyandry for a given polygyny leads to decreased male 326 sire fraction and to higher fitness increments for both males and females.
327
The table shows that increasing polygyny and polyandry are antagonistic. The highest 328 fitness for both males and females occurs with maximum polyandry and minimum poly- with the most reproductive receptivity.
332
Increasing polyandry promotes higher fitness increments because of the additive effect 333 of having multiple males contribute to a female's fecundity. Increasing polygyny inhibits 334 higher fitness increments because guarding time must be increased to cover multiple fe-335 males, lowering the time available for contributing to increased egg production.
336
Readers may wish to explore other social scenarios by modifying the Mathematica 337 script supplied with the supplementary materials. 
